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Abstract— This paper deals with a comparative analysis of the 
influence of refrigerant on the performance of a simple vapor 
compression refrigeration system. The study is based on the 
refrigerants R12 and R134a. A computational model based on 
energy and exergy analysis is presented for investigation of the 
effects of evaporating temperature and degree of sub-cooling on 
the coefficient of performance and exergitic efficiency of the 
refrigerator. 
A considerable part of the energy produced worldwide is 
consumed by refrigerators. So it is crucial to minimize the energy 
utilization of these devices. The exergy analysis has been widely 
used in the analysis of all engineering systems including 
refrigerators. It is a powerful tool for the design, optimization 
and performance evaluation of energy systems.  
It is well known fact that the CFC and HCFC refrigerants have 
been forbidden due to chlorine content and there high ozone 
depleting potential (ODP) and global warming potential (GWP). 
Hence HFC refrigerants are used now-a-days. Many research 
papers have been published on the subject of replacing CFC and 
HCFC refrigerants with other types of refrigerants.  
This paper presents a comparative analysis of two refrigerants 
working in a one stage vapor compression refrigeration system 
with sub-cooling and superheating. These refrigerants are: 
Dichlorodifluoromethane (R-12) and Tetrafluoroethane (R-134a).  
 
Keywords —Vapor compression refrigeration system, Exergy, 
COP, Exergetic efficiency, Degree of sub-cooling. 
 
I. INTRODUCTION 
Chlorofluorocarbons (CFCs) have been used widely over 
the last eight decades in refrigeration and air-conditioning due 
to their favorable characteristics such as low freezing point, 
non-flammability, non-toxicity and chemically stable behavior 
with other materials. Unfortunately, in recent years it has been 
recognized that the chlorine released from CFCs migrate to the 
stratosphere and destroys the earth’s ozone layer, causing 
serious health problems [1, 2]. 
The Montreal Protocol signed by the international 
community in 1987 regulates the production and marketing of 
ozone depleting substances. The CFCs were prohibited 
completely in 2010. Hydro-fluorocarbons (HFCs) are 
presently replacing CFCs as they do not contain any chlorine 
atoms and their ozone depletion potential (ODP) is zero.  
Refrigerator pumps heat from a closed space to the 
atmosphere. Heat transfer between the system and the 
surroundings takes place at a finite temperature difference, 
which is a major source of irreversibility for the cycle. 
Irreversibility causes the system performance to degrade. The 
losses in the cycle need to be evaluated considering individual 
thermodynamic processes that make up the cycle. Energy 
analysis is still the most commonly used method in the 
analysis of thermal systems. The first law is concerned only 
with the conservation of energy, and it gives no information 
on how, where, and how much the system performance is 
degraded. Exergy analysis is a powerful tool in the design, 
optimization, and performance evaluation of energy systems 
[9]. 
The principles and methodologies of exergy analysis are 
well established [6-8]. An exergy analysis is usually aimed to 
determine the maximum performance of the system and 
identify the sites of exergy destruction. Analyzing the 
components of the system separately can perform exergy 
analysis of a complex system. Identifying the main sites of 
exergy destruction shows the direction for potential 
improvements. 
There have been several studies on the performance of 
alternative environment-friendly refrigerants on the basis of 
energy and exergy analysis of refrigeration systems. Said and 
Ismail [8] assessed the theoretical performances of R123, 
R134a, R11 and R12 as coolants. It was established that for a 
specific amount of desired exergy, more compression work is 
required for R123 and R134a than R11 and R12. The 
International Journal of Students’ Research in Technology & Management 
Vol 2 (04), June-July 2014, ISSN 2321-2543, pg 134-139 
http://www.giapjournals.org/ijsrtm.html    135 
 
differences are not very significant at high 
evaporation temperatures and hence R123 and R134a should 
not be excluded as alternative coolants. Also, in their study 
they obtained an optimum evaporation temperature for each 
condensation temperature, which yields the highest exergetic 
efficiency. 
Aprea and Greco [9] compared the performance between 
R22 and R407C (a zeotropic blend) and suggested that R407C 
is a promising drop-in substitute for R22. Experimental tests 
were performed in a vapour compression plant with a 
reciprocating compressor to evaluate the compressor 
performance using R407C in comparison to R22. The plant 
overall exergetic performance was also evaluated and revealed 
that R22 performance is consistently better than that of its 
candidate substitute (R407C). 
Aprea and Renno [9] studied experimentally, the 
performance of a commercial vapour compression 
refrigeration plant, generally adopted for preservation of 
foodstuff, using R22 and its candidate substitute (R417A) as 
working fluids. The working of the plant was regulated by 
on/off cycles of the compressor, operating at the nominal 
frequency of 50 Hz, imposed by the classical thermostatic 
control. The reported result indicated that the substitute 
refrigerant (R417A), which is a non-azeotropic mixture and 
non-ozone depleting, can serve as a long term replacement for 
R22; it can be used in new and existing direct expansion R22 
systems using traditional R22 lubricants. Also in their 
analysis, the best exergetic performances of R22 in 
comparison with those of R417A were determined in terms of 
the coefficient of performance, exergetic efficiency and 
exergy destroyed in the plant components. 
Khalid [10] studied the performance analysis of R22 and 
its substitute refrigerant mixtures R407C, R410A and R417A 
on the basis of first law. It was found that the COP of R417A 
is 12% higher than R22, but for R407C and R410A, COP is 
5% lowered as compared to R22, and R417A can be used in 
existing system without any modification.  
Various studies reviewed above focused mostly on the 
exergetic analysis of R22 and its alternative refrigerants. R12 
is used solely in the majority of conventional household 
refrigerators, and there is currently little information on the 
exergetic performance of R12 alternatives.  
Therefore, in this paper, exergetic performances of a 
domestic refrigeration system using R12 and its environment-
friendly alternative refrigerant R134a are theoretically studied 
and compared. 
II. SYSTEM DESCRIPTION 
A one stage vapor compression refrigeration system is 
considered as numerical exemplification of the proposed 
study. The system is composed by a mechanical piston 
compressor, a condenser, a throttling valve and an evaporator, 
as shown in Figure 1. The refrigerant enters the compressor at 
state 1, with a superheating degree ΔTSH with respect to the 
evaporation temperature TV. It follows the irreversible 
compression process 1-2, characterized by an increase in 
entropy from state 2s (adiabatic reversible compression) to 
state 2. The refrigerant leaves the compressor as superheated 
vapor at pressure PC and enters the condenser and sub-cooler, 
arriving in state 3 as sub-cooled liquid that is further throttled 
during the process 3-4. Its pressure is the vaporization 
pressure PV and the cycle is closed by a vaporization process 
4-1 in the evaporator and super-heater.  
 
Fig. 1: Single stage Vapor Compression Refrigeration System 
 
III. MATHEMATICAL MODEL 
The system is analyzed both from energetic and exergetic 
points of view. 
A. Energetic Approach 
This analysis is applied either to each device (seen as a 
control volume) or to the entire system (a control mass). 
It is based on the First Law of Thermodynamics, whose 
mathematical expression for a control volume is:  
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where E represents system energy (J), t stands for time (s), 
h is the specific enthalpy of refrigerant (J/kg), v
2
/2 is the 
specific kinetic energy (J/kg), gz is the specific potential 
energy (J/kg),  ̇ is the mass flow rate of refrigerant (kg/s), 
 ̇   and  ̇   are the energetic exchanges of the control 
volume with its surroundings in form of heat flux and work 
rate (power).  
(1) 
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The subscripts i and o stands for inlet and outlet 
states, respectively. 
For steady state operation, equation (1) becomes: 
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In vapor compression refrigeration system, changes in 
kinetic and potential energies are negligible. So equation 2 
becomes: 
 ̇    ̇   ∑  ̇  
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(3) 
 
which is applied to each device of the system: 
 
(a) for the evaporator: 
 
 ̇   ̇        
(4) 
where  ̇  represents the refrigeration load. 
 
(b) for the condenser: 
 
 ̇   ̇        
(5) 
 
where  ̇  is the rate of heat rejected at the condenser 
 
(c) for the compressor: 
 
 ̇   ̇        
(6) 
 
where ̇   is the rate of work input to the compressor. 
 
(d) for the throttling valve: 
 
 ̇    ̇   
 
(7) 
 
The energetic efficiency of the system is measured by the 
coefficient of performance: 
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(8) 
 
B. Exergetic Approach 
A reversible thermodynamic process can be reversed 
without leaving any trace on the surroundings. This is possible 
only if the net heat and net work exchange between the system 
and the surrounding is zero [9]. All real processes are 
irreversible. Some factors causing irreversibility in a 
refrigeration cycle include friction and heat transfer across a 
finite temperature difference in the evaporator, compressor, 
condenser, and refrigerant lines, sub-cooling to ensure pure 
liquid at capillary tube inlet, super heating to ensure pure 
vapour at compressor inlet, pressure drops, and heat gains in 
refrigerant lines [11]. Accurate analysis of the system is 
obtained by evaluating the exergy used in the system 
components. The p-h diagram of the vapor compression 
refrigeration cycle is presented in Figure 2. Exergy flow 
destroyed in each of the components is evaluated as follows 
[3, 9]: 
The exergetic balance equation for a control volume is: 
 
    
  
 ∑(  
  
  
)  ̇  ( ̇    
    
  
)  ∑ ̇ 
  
 ∑ ̇ 
   
  ̇          
(9) 
 
 
 
  
Fig. 2: Vapor compression refrigeration system on p-h diagram. 
 
For steady state operation, equation 9 becomes: 
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Applying the exergetic balance equation to each 
component of the vapor compression refrigeration system, 
 
(a) for the evaporator: 
 
 ̇  (  
  
  
)  ̇   ̇           ̇          
(11) 
 
(b) for the compressor: 
 
 ̇   ̇           ̇   ̇          
(12) 
 
(c) for the condenser: 
 
 ̇      ̇           ̇          
(13) 
 
(d) for the throttling valve: 
 
 ̇     ̇           ̇          
(14) 
 
The throttling process is isenthalpic process. h3 = h4. 
Therefore, equation 14 can be expressed as: 
 
 ̇     ̇          
(15) 
 
The total exergy destruction rate,  ̇   ̇   ̇   ̇     
 ̇    
 
The overall system exergetic efficiency (  ) is the ratio of 
the exergy output ( ̇   ) to exergy input ( ̇  ) [3]. 
   (
 ̇    
 ̇  
)       
(17) 
 
 ̇     ̇    ̇  
(18) 
 
The only source of exergy input to the system is through 
the electrical power supplied to the compressor ( ̇ ), that is, 
 ̇   = ̇   and Eq. (17) can be expressed as: 
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IV. RESULTS AND DISCUSSION 
Figure 3 shows the variation of COP with varying 
evaporator temperature for R134a and R12. The graph shows 
that the COP increases with increase in evaporator 
temperature for both the refrigerants. At lower temperatures 
COP is slightly higher for R134a than R12. However, at 
higher evaporator temperatures, COP of R12 is higher than 
that of R134a.  
 
 
Fig. 3: Variation of COP with evaporator temperature 
 
Variation of exergetic efficiency with evaporator 
temperature is given in figure 4. Exergetic efficiencies of both 
the refrigerants decrease with increase in evaporator 
temperature. At lower evaporator temperatures, the exergetic 
efficiency of VCRS operating on R134a is higher than those 
operating on R12. But at higher evaporator temperatures R12 
system has higher exergetic efficiency than R134a system. 
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Fig. 4: Variation of exergetic efficiency with evaporator temperature 
 
The figure 5 shows the variation of COP with degree of sub-
cooling. COP increases with increase in degree of sub-cooling 
for both the refrigerants. R134a is more sensitive to variation 
in degree of sub-cooling 
 
Fig. 5: Variation of COP with degree of sub-cooling 
 
The variation of exergetic efficiency with degree of sub-
cooling is shown in the figure 6 below. Exergetic efficiency 
increases with degree of sub-cooling for both the refrigerants. 
The variation is steeper for R134a than R12. 
 
Fig. 6: Variation of exergetic efficiency with degree of sub-cooling 
 
V. CONCLUSION 
A comparative analysis of the refrigerant impact on the 
operation and performances of a one stage vapor compression 
refrigeration system was presented. The effects of evaporator 
temperature and sub-cooling were studied on the system 
operation and performances. Based on the exergy analysis, 
exergy destruction rates were estimated for each component of 
the system in a comparative manner for two refrigerants (R12, 
R134a). 
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